Chronic venous disease (CVD) is both prevalent and unavoidable in many people as a result of persistent or unalterable risk factors, the most important of which are advanced age, excess body weight, and family history. Given this inevitability, medical treatment is required to alleviate symptoms and slow disease progression. Venoactive drug therapy is emerging as a valuable treatment option for many CVD patients and micronized purified flavonoid fraction (MPFF) is the most widely prescribed and well-studied venoactive drug available. Recent evidence from animal models of venous hypertension and from clinical trials, as well as from systematic reviews, shows that MPFF is effective at alleviating many of the most common symptoms of CVD including leg pain, leg heaviness, sensations of swelling, cramps, and functional discomfort. In addition, MPFF improves the clinical signs of redness, skin changes, and edema, and improves quality of life. Collectively, these findings support the strong recommendation for MPFF treatment found in the 2018 international guidelines for the management of CVD. Funding: Servier.
INTRODUCTION
As a result of the number of confirmed and prevalent risk factors, such as family history, high body mass index, advanced age, and reduced mobility, symptomatic chronic venous disease (CVD) is inevitable in many people and imposes tremendous burdens on patient health and quality of life (QoL), as well as on healthcare systems [1] [2] [3] [4] [5] . In addition to compression therapy and surgical interventions, venoactive drugs (VAD) are emerging as valuable additions to the therapies available to physicians to treat CVD patients [6] . Among these, micronized purified flavonoid fraction (MPFF; 90% diosmin and 10% concomitant active flavonoids) is the most widely prescribed VAD in Europe, but what is the recent evidence for its current grade A status and strong recommendation in CVD management guidelines?
This article is based on previously conducted studies and does not contain any studies with human participants or animals performed by the author.
PATHOPHYSIOLOGY OF CVD
The development and progression of CVD involves a complex cycle of venous hypertension and inflammation [7] [8] [9] . Briefly, chronic venous hypertension and dilatation precipitate pathophysiological changes in vein walls and valves. Altered venous flow results in abnormal shear stresses in the vein that trigger initial inflammatory responses, endothelial cell activation, as well as leukocyte adherence, activation, and infiltration. In time, endothelial permeability increases allowing red blood cell extravasation into surrounding tissues. Subsequent red blood cell breakdown activates mast cells and macrophages, which release additional inflammatory mediators. TGF-b1 and other proinflammatory cytokines stimulate collagen synthesis, which increases vascular wall thickening and remodeling, and leads to further venous deterioration, dysfunction, and inflammation.
EFFECTS OF MPFF TREATMENT
In a recent investigation into the pharmacological effects of MPFF, das Graças C de Souza et al. employed a long-term model of chronic venous hypertension with low venous flow in which the femoral vein and its branches, or the iliac vein, of hamsters were surgically ligated and animals were treated or not treated with MPFF for up to 10 weeks (Fig. 1) [10] . Epigastric venous pressure progressively increased in the weeks following vein ligations, and led to pathological changes in the microvasculature and inflammatory responses that resemble those found in CVD [8] [9] [10] [11] . MPFF treatment (100 mg/kg per day for 2 weeks prior to vein ligation and for 6 weeks thereafter) significantly and effectively prevented the increases in leukocyte rolling (p \ 0.001) and leukocyte adherence (p \ 0. once per day may be sufficient. In a randomized, double-blind study in 174 CVD patients (C0s to C4) comparing MPFF treatment at 500 mg twice per day to 1000 mg once per day, patients in both treatment groups reported significant and similar reductions in leg pain assessed by visual analog scale (VAS) beginning after 2 weeks of treatment [12] . Pain continued to significantly improve in both treatment groups through weeks 4 and 8, with no significant differences between groups. Another randomized, double-blind study in 1076 CVD patients (C0s to C4) compared these same two dosing regimens for 8 weeks and found significant and similar reductions in the CVD symptoms of lower limb discomfort, leg pain, and leg heaviness in both treatment groups ( Fig. 2 ) [13] . This study also found that QoL, as measured by the CVD-specific CIVIQ-20 test, improved by approximately 20 points with either treatment. These studies illustrate that MPFF progressively improves symptoms and QoL in CVD patients.
In a recent meta-analysis of randomized clinical trials investigating the effects MPFF on CVD signs and symptoms, and QoL, Kakkos and Nicolaides identified seven double-blind, placebo-controlled studies comprising a total of 1692 patients with CVD [14] . In qualitative analysis of MPFF treatment compared to placebo, they found mostly high-quality evidence that MPFF substantially and significantly improved nine different leg symptoms including pain, heaviness, feeling of swelling, cramps, and functional discomfort, with standard mean differences between -0.25 and -0.99. In quantitative analysis of categorical variables, MPFF reduced leg pain (risk ratio [RR] 0.53), heaviness (RR 0.35), feeling of swelling (RR 0.39), cramps (RR 0.51), paresthesia (RR 0.45), and functional discomfort (RR 0.41). Notably, the number of patients that needed to be treated (NNT) with MPFF to observe improvement in one patient was less than 5 for any symptom-a remarkably low number. MPFF was also highly effective for improving QoL and objective signs of edema and leg redness.
The VEIN ACT Program was a large prospective, international, observational study sponsored by the European Venous Forum and Servier (France) designed to assess the effects and compliance of conservative, non-surgical CVD treatments in a real-world setting [15, 16] . Across seven regions/countries (Russia, Spain, Romania, Colombia, Austria, West Indies, and Central America), CVD outpatients consulting for lower limb pain or any clinical presentation related to CVD were enrolled and assessed for CEAP classification, symptoms present, and symptom intensity. Most patients were given lifestyle advice and conservatively treated with various combinations of VAD (including MPFF), pain medications, and compression. In Colombia, 1570 patients were enrolled by general practitioners, 80% were women, the mean age was 59 years, and mean BMI was 27 ± 4 kg/m 2 [15] . Most patients (55%) were classified as C2 or C3 and the most frequent symptoms were leg pain (85%), leg heaviness (79%), sensation of swelling (57%), and cramps (46%), of which most patients (68%) reported having regularly (i.e., for most of the day). After approximately 60 days of conservative treatment, which included a VAD (mostly MPFF) for 99% of the patients, compression for 49%, and a nonsteroidal anti-inflammatory drug for 16%, patients reported that symptom intensity had improved by at least 50% on the VAS for all four symptoms. Similar results were obtained for 1460 patients enrolled and treated comparably by vascular surgeons. In Russia, 1607 patients were enrolled in the program, of which 68% were C2 or C3 [16] . Of these, 1368 patients received combined treatment and a smaller cohort of 89 patients received treatment with Fig. 2 Lower limb discomfort progressively and significantly improves in patients with C0s-C4 CVD. Patients were treated with 1000 mg MPFF suspension 9 1/day or 500 mg tablet 9 2/day for 8 weeks. Leg discomfort was assessed weekly by visual analog scale. Reprinted by permission of Edizioni Minerva Medica from: International Angiology 2017 October;36(5):402-9 [13] MPFF alone. Symptom intensity for leg pain, leg heaviness, sensation of swelling, and cramps as assessed by VAS all improved significantly by approximately 50% in both groups (p \ 0.0001).
Symptom frequency also improved significantly in both groups (p \ 0.0001), and over 95% of the patients were rather, very, or extremely satisfied with either treatment regimen. Although the VEIN ACT program is not a controlled study, these results indicate that treatment with a VAD, including MPFF, either alone or combined with other conservative treatments, is effective in realworld settings and that most CVD patients are satisfied with the results of the treatment.
MPFF treatment may also be effective in patients with early stage CVD who exhibit situational great saphenous vein (GSV) reflux [17] . In patients with C0s or C1s (n = 46), MPFF treatment (1000 mg per day for 90 days) eliminated evening GSV reflux in 76%, significantly decreased evening GSV diameters (p \ 0.0001), Table 1 The number needed to treat (NNT) to benefit one patient and/or the standardized mean difference (SMD) are also shown. Only randomized placebo controlled trials and meta-analyses were considered HSCE horse chestnut seed extract, MPFF micronized purified flavonoid fraction, NS not significant, QoL quality of life, Ruscus ? HMC ? AA Ruscus aculeatus extract, hesperidin methyl chalcone, and ascorbic acid. Reprinted by permission of Edizioni Minerva Medica from: International Angiology 2018 June;37(3):181-254 [6] and significantly reduced the intensity of VASassessed leg heaviness from 5.2 cm to 1.7 cm (p \ 0.0001). In addition, reductions or elimination of patient symptoms corresponded with the elimination of situational GSV reflux. Elimination of situational GSV reflux in the majority of patients with early stage CVD provides another line of evidence that MPFF could help prevent CVD progression. In the recently updated management guidelines for CVD of the lower limbs, MPFF has been given strong recommendations [6] . These guidelines were issued jointly by the European Venous Forum, the Cardiovascular Disease Educational and Research Trust (UK), the Union Internationale de Phlebologie, and the International Union of Angiology according to the available clinical evidence. Primarily on the basis of the recent meta-analysis [14] , MPFF was considered to have A-grade levels of evidence for effectiveness in reducing the intensity of CVD symptoms of pain, heaviness, feeling of swelling, and functional discomfort, and of skin changes (Table 1) . Other VAD, such as Ruscus aculeatus extract combined with hesperidin methyl chalcone (HMC) and ascorbic acid, and horse chestnut seed extract, also received some A grades for pain, heaviness, and swelling. However, MPFF was the only VAD to receive an A grade for improvements in skin changes and QoL. High-quality evidence was also found for MPFF, pentoxifylline, and sulodexide treatments in improving leg ulcer healing. As a result of this extensive high-quality evidence, strong recommendations were made for MPFF for effective treatment of pain, heaviness, feeling of swelling, functional discomfort, cramps, leg redness, skin changes, edema, and QoL [6] .
CONCLUSIONS
In animal models and in clinical trials, MPFF has been shown to prevent the inflammatory consequences and microcirculatory dysfunction precipitated by chronic venous hypertension, and to break the vicious cycle of venous inflammation that can lead to patient discomfort, skin changes, and venous ulcers. Abundant high-quality evidence exists that MPFF is highly effective for treating the symptoms and signs of CVD, and that it improves QoL at all CEAP stages. This evidence merits the highest strength of recommendations for MPFF treatment now found in the 2018 management guidelines for CVD [6] . Future studies should focus on the cost-effectiveness of MPFF treatment, and whether it can help reduce the substantial burden of CVD on patients and healthcare systems.
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